Introduction {#sec1_1}
============

The prevalence of dental caries in Kuwait is high and there is no indication of a decrease as observed in most industrialized countries \[[@B1],[@B2]\]. Dental general practitioners are exposed to clinical cases with different stages of caries progression for which they have to decide when to monitor, apply noninvasive therapy, or restore. The decision to place a primary restoration may affect the prognosis of the tooth and the cost of treatment over the course of the tooth\'s lifetime \[[@B3]\].

Recently, dental professionals have acquired a better understanding of the carious process, so the philosophy governing operative treatment has changed \[[@B4],[@B5],[@B6],[@B7]\]. The universal restorative surgical approach has been replaced by minimally invasive procedures in order to preserve the greatest amount of tooth structure possible \[[@B8]\]. The philosophy of minimal intervention dictates that operative intervention should only be performed when cavitation is present \[[@B4]\]. The treatment and management of carious lesions ideally should be based on severity and activity \[[@B9]\]. This more conservative philosophy is based on sound science that spans the breadth of the disease continuum and includes the nonsurgical management of early noncavitated carious lesions and the use of effective conservative interventions for dental caries \[[@B4],[@B5],[@B10],[@B11],[@B12]\]. It is also recognized that the appropriate management of dental caries must include an early diagnosis of early noncavitated lesions and measures for their prevention and arrest \[[@B6]\]. In the presence of enamel surface integrity, carious lesions involving enamel and/or dentin can be managed by remineralization therapies without restorative intervention \[[@B13]\]. Monitoring, topical fluoride application, and fissure sealants have become the standard treatment modality for noncavitated carious lesions \[[@B14]\].

Great variations in treatment philosophies and strategies for carious lesions exist all around the world \[[@B11]\]. The large variability that exists among dentists in the management of carious lesions (diagnosis and choice of a therapy) is well known \[[@B15]\]. It also seems that decision making in caries management not only depends on pathophysiology but also seems to be influenced by many other factors \[[@B15]\]. Dentists tend to follow a set script for making a clinical decision that is not based solely on pathological and physiological observations, and the patient\'s oral health is not the sole determinant of clinical decisions \[[@B15]\]. Factors such as the dentist\'s age, years of experience, and educational background have been reported to affect the decision-making process \[[@B16]\].

The restorative treatment criteria used by dentists in the clinical setting have been studied in many countries. A wide variation in criteria between and within dentists has been shown \[[@B16],[@B17]\]. Hence, the aims of this study were: (a) to investigate the initial point of restorative intervention in cases of occlusal and approximal caries within a random sample of general dentists, (b) to find out the type of restorative treatment delivered, and (c) to examine associations between demographic factors and restorative treatment decisions.

Materials and Methods {#sec1_2}
=====================

A total of 533 general dentists currently work in the Ministry of Health of Kuwait \[[@B18]\]. Two hundred were randomly selected to participate in this study. The sample size was calculated to allow for a 5% margin of error and 90% confidence intervals. Ethical approval from the Human Rights Committee and Research Committee of Kuwait University was obtained. Participants were approached in the dental clinics where they practice, and signed consent to participate in this study was obtained.

A questionnaire originally developed by Espelid and Tveit \[[@B17]\] was used. It collected demographic information about the participants, including their gender, age, years of experience (1--5, 6--10, 11--15, 16--20, or \>20 years), and region of university of graduation (Middle East, North America, Asia, or Western Europe). Dentists were also asked to indicate if they have participated in any continuing education course in cariology in the last 5 years.

The questionnaire included figures and/or photographs of different stages of carious lesions. The different radiographic stages of approximal carious lesion progression are illustrated in figure [1](#F1){ref-type="fig"}, while photographs of progressive occlusal carious lesions with a description of the radiographic appearance of each lesion are shown in figure [2](#F2){ref-type="fig"}.

The participants were asked to identify the stage at which a restoration was required if the patient was 20 years old, visited his/her dentist once a year, had adequate oral hygiene, and used fluoridated toothpaste. For approximal lesions, the participants were asked to identify the restorative treatment modality (traditional class II, tunnel, or saucer-shaped preparation) they would use for the management of the smallest lesion they were going to restore, assuming the lesion was situated distally on the upper second premolar. Finally, the participants were asked to identify their choice of restorative material for the smallest approximal lesion to be restored: amalgam, composite, conventional glass ionomer cement (GIC), resin-modified glass ionomer cement (RMGI), a combination of GIC and composite, or other materials. For occlusal lesions, the participants were also asked to identify the earliest stage of restorative intervention and the restorative material used.

Statistical Analysis {#sec2_1}
--------------------

Data analysis was performed using the Statistical Package for the Social Sciences version 17.0 (SPSS Inc., Chicago, Ill., USA). The statistical associations between the demographic characteristics of the dentists and their restorative decisions for approximal and occlusal lesions were assessed using Pearson\'s χ^2^ test. Multiple correspondence analysis (MCA) was conducted to explore the strengths and structures of the associations. p \< 0.05 was considered statistically significant.

Results {#sec1_3}
=======

A total of 185 general dentists participated in this study; 93 (50.3%) of the respondents were females. They ranged in age from 23 to 68 years, but 150 (81.1%) were less than 40 years old. They graduated from universities in the Middle East (n = 107; 57.8%), North America (n = 28; 15.1%), Asia (n = 25; 13.5%), and Western Europe (n = 20; 10.8%). The number of dentists who had not pursued any continuing education courses in the field of cariology during the past 5 years was 138 (74.6%).

Approximal Carious Lesions {#sec2_2}
--------------------------

Among the 185 participants, 19 (10.3%) said they would restore a carious lesion confined to the outer or inner half of the enamel, whereas 153 (82.7%) responded that they would wait until the lesion was in the outer third of the dentin or deeper (table [1](#T1){ref-type="table"}). The preferred preparation type for 91 (49.2%) of the dentists was traditional class II, for 46 (24.9%) it was tunnel, and for 48 (25.9%) it was saucer-shaped. Composite resin as a restorative material was chosen by 113 (61.1%) of the respondents. Amalgam was chosen by 21 (11.4%), GIC was chosen by 13 (7%), and RMGI was chosen by 14 (7.6%) dentists, and 24 (13%) chose to restore employing the sandwich technique which involves the use of GIC and composite material.

Occlusal Carious Lesions with Radiographic Description {#sec2_3}
------------------------------------------------------

None of the participants would restoratively treat teeth in the presence of discoloration of enamel without cavitation, and relatively few (n = 8; 4.3%) chose to intervene with restorative treatment when there was a break in the enamel surface without radiographic signs of caries. The number of participants who chose to intervene restoratively when there was radiographic evidence of caries limited to the outer third of the dentin was 5 (2.7%), whereas 44 (23.8%) chose not to intervene until the lesion was in the inner third of the dentin on the radiograph. When choosing the type of restorative treatment, 146 (78.9%) of the participants said they would remove the carious tissue only in the most conservative manner (without the use of standardized preparation shapes). Composite was the preferred restorative material among 127 (68.6%) of the participants. Amalgam was chosen by 18 (9.7%), GIC was chosen by 13 (7%), and RMGI was chosen by 14 (7.6%) dentists, and 10 (5.4%) chose to restore employing the sandwich technique which involves the use of GIC and composite material, while 3 (1.6%) chose to restore with other restorative materials not stated above.

Associations between Demographic Factors and Restorative Treatment Decisions {#sec2_4}
----------------------------------------------------------------------------

The statistical associations between the demographic characteristics of the respondents and their restorative decisions for both approximal and occlusal lesions as indicated by Pearson\'s χ^2^ tests are presented in table [2](#T2){ref-type="table"}. The χ^2^ tests indicated that decisions concerning the earliest stage of approximal carious development for restorative intervention were significantly associated with the years of experience (p \< 0.001), the gender (p = 0.022), and the continuing education (p = 0.006) of the dentists. The choice of preparation technique for approximal carious development was significantly associated with the years of experience (p = 0.008) and the years of university education (p = 0.001) of the dentists. The choice of restorative material for approximal carious development was significantly associated with the years of experience (p \< 0.001) and the university (p \< 0.039) and continuing education (p = 0.042) of the dentists. The earliest stage of occlusal carious development at intervention was significantly associated with the years of experience (p \< 0.001), the university (p \< 0.001), and the continuing education (p = 0.006) of the dentists. The choice of restorative material for occlusal carious lesions was significantly associated with the years of experience (p \< 0.001) and the university (p = 0.001) of the dentists.

MCA indicated that dentists with 1--5 years of experience tended to choose the enamel-dentin junction (EDJ) as the earliest stage of approximal carious development at which they would intervene, and dentists with 11--20 years of experience tended to choose the outer and inner half of the dentin, whereas dentists with \>20 years of experience tended to choose the outer and inner half of the enamel as their earliest point of intervention.

MCA indicated that the participants who graduated in the Middle East, with 1--5 year' experience, preferred traditional class II preparations. The analysis also showed that dentists who graduated from North American universities and those with more than 20 years of experience preferred saucer-shaped preparations, whereas the other dentists appeared to prefer tunnel preparations.

In relation to the earliest stage of occlusal carious development at intervention and demographic factors, the MCA indicated that dentists who graduated in the USA and Europe and those with 1--15 years of experience tended to choose stage III or stage IV, dentists who graduated in Asia and those with 6--10 years of experience tended to choose stage III (lesions in the outer third of the dentin on bitewing radiograph), dentists who graduated in the Middle East and those with 16--20 years of experience tended to choose stage IV (lesions in the middle third of the dentin on bitewing radiograph), and dentists with more than 20 years of experience tended to choose stage II (no radiographic sign of carious lesions). The effects of continuing education were not so strong.

MCA also indicated that dentists who graduated from North American universities and those with more than 20 years of experience tended to prefer the sandwich technique; dentists who graduated in Asia tended to choose amalgam or RMGI, dentists who graduated in the Middle East and those with 6--10 years of experience tended to choose RMGI or amalgam, and dentists who graduated from European and Middle Eastern universities and those with up to 20 years of experience tended to choose composite materials.

Discussion {#sec1_4}
==========

The studied dentists from clinics of the Ministry of Health of Kuwait tended to delay restorative intervention until dentinal penetration of the caries. Traditional preparation techniques were found to still be in use when restoring approximal lesions. The factors that were most strongly associated with restorative treatment were experience, university of dental education, and participation in continuing education.

Although the treatment strategies for primary occlusal lesions on permanent teeth have generally changed during the past decades from operative treatments towards nonoperative strategies \[[@B11]\], these dentists in Kuwait preferred restorative treatment of occlusal lesions penetrating dentin. This preference is consistent with other studies which have reported that most dentists still prefer to restorative treatments for such lesions \[[@B8],[@B10],[@B11],[@B12]\]. The reason for this practice could be the fact that traditionally the surgical approach was the predominant form of treatment for caries management. Some practicing dentists, especially those who do not participate in continuing education courses, are still following this model.

Overall, dentists tended to delay their initial point of surgical restorative treatment for occlusal lesions only when the lesion was in the inner half of the dentin. However, it has been reported that in France most private general dentists would intervene surgically for lesions confined on the enamel or at the EDJ \[[@B3]\], while only 1% of dentists in Sweden and 54.5% of dentists in Brazil \[[@B9]\] would intervene in approximal lesions extending into the enamel. In addition, even given the variability in restorative intervention thresholds, it has been reported that practitioners tend to view the EDJ as the critical decision point for surgical intervention \[[@B15],[@B16],[@B17],[@B19]\]. The practitioner responses in this study, with regard to occlusal lesions, reflected a large variability in the identification of points of initial intervention due to the level of experience and participating in continuing dental education courses. Dentists with more experience and who participated in continuing dental education courses started their intervention point earlier. Our findings are similar to those of previous studies \[[@B15],[@B16],[@B17],[@B20]\] where experience and participation in continuing dental education were reported to be important. These differences could be attributed to multiple factors that include large disparities in the teaching of cariology and restorative dentistry, a wide variability in the diagnosis of carious lesions, assessment of the restorations and treatment decisions reported \[[@B21]\], and the nature of practice \[[@B9]\].

In assessing approximal posterior carious lesions, practitioners tended to display less variability among each other in terms of the initial point of intervention. The majority elected to intervene when radiographic evidence showed that the carious lesion had reached the outer-third layer of dentin or more. This was not affected by the region of the world where they received their dental education or the number of years of experience that they had. A probable explanation for the limited variability observed in this study could be the fact that in cases of approximal lesions, radiographic methods are the primary tools for the assessment of caries detection. Several studies have shown that dentists make a correlation between the appearance on bitewing radiographs and the presence of cavitation \[[@B7],[@B15],[@B22],[@B23]\] for approximal lesions.

For approximal carious lesions the dentists preferred more invasive traditional class II preparations, but for occlusal lesions the majority of the respondents indicated that they would be more conservative and remove the carious tissue only. However, it must be noted that in all situations the practitioners opted for restorative intervention over the more conservative sealant and treatment with fluorides and antimicrobials. These findings reflect the adoption of less conservative surgical restorative interventions. Similar findings have been reported in the USA, where conservative, noninvasive management strategies for early occlusal and suspected dentinal caries are not widely adopted by US clinicians \[[@B12]\]. This can be attributed to the fact that the long-term effectiveness of intact sealants in halting the progression of enamel caries remains relatively unknown \[[@B12]\].

The use of composite resin materials was found to be predominant. It is now well established that there is a clear trend towards prioritization of the teaching of posterior composite restorations over amalgam restorations in UK and North American dental schools \[[@B24]\]. In addition, some European countries such as Norway and Sweden have eliminated the use of amalgam as a whole. Therefore, the predominant use of resin materials reported here is most probably due to the majority of participating dentists being recent graduates and the widespread shift in the operative teaching of dental students worldwide \[[@B25]\].

The limitations of this study include: (a) the information gathered in this survey relied primarily on the participants' self-reported practices, (b) the dentists in the study were presented with hypothetical situations, and (c) their responses might not have accurately reflected their daily clinical practices.

Conclusion {#sec1_5}
==========

Our findings showed that in the case of occlusal and approximal lesions, participants delayed restorative intervention until dentinal penetration of the caries. Participants chose the conservative approach for occlusal lesions but still believed in the traditional approach regarding approximal lesions. Experience, university dental education, and participation in continuing education courses were associated with restorative treatment.

![Illustration of the radiographic appearance of progressive (stages 1--6) approximal carious lesions.](mpp-0023-0357-g01){#F1}

![Photographs of progressive occlusal carious lesions. **a** No radiographic signs of lesions. **b** No radiographic signs of lesions. **c** Lesions on the outer third of the dentin on the bitewing radiograph. **d** Lesions on the middle third of the dentin on the bitewing radiograph **e** Lesions on the inner third of the dentin on the bitewing radiograph.](mpp-0023-0357-g02){#F2}

###### 

Restorative threshold, restorative treatment, and restoration techniques for approximal and occlusal carious development

  --------------------------------------------------------------------------- --------------------------- -----------
                                                                              *Caries stage*              
  Earliest stage of approximal carious lesions of/for restorative treatment   Outer half of the enamel    4 (2.2)
  Inner half of the enamel                                                    15 (8.1)                    
  EDJ                                                                         13 (7.0)                    
                                                                              Outer third of the dentin   74 (40.0)
                                                                              Outer half of the dentin    35 (18.9)
                                                                              Inner half of the dentin    44 (23.8)
                                                                                                          
                                                                              *Preparation technique*     
  Choice of preparation technique for approximal carious lesions              Traditional preparation     91 (49.2)
  Tunnel preparation                                                          46 (24.9)                   
  Saucer-shaped preparation                                                   48 (25.9)                   
                                                                                                          
                                                                              *Restorative material*      
  Choice of restorative material for approximal carious lesions               Amalgam                     21 (11.4)
  Composite                                                                   113 (61.1)                  
  GIC                                                                         13 (7.0)                    
  RMGI                                                                        14 (7.6)                    
  Sandwich technique                                                          24 (13.0)                   
                                                                                                          
                                                                              *Caries stage*              
  Earliest stage of occlusal for approximal carious lesions intervention      II                          8 (4.3)
  III                                                                         52 (28.1)                   
  IV                                                                          81 (43.1)                   
  V                                                                           4 (23.8)                    
                                                                                                          
                                                                              *Restorative material*      
  Choice of restorative material for occlusal carious lesions                 Amalgam                     18 (9.7)
  Composite                                                                   127 (68.6)                  
  GIC                                                                         13 (7.0)                    
  RMGI                                                                        14 (7.6)                    
  Sandwich technique                                                          10 (5.4)                    
  Other                                                                       3 (1.6)                     
                                                                                                          
  --------------------------------------------------------------------------- --------------------------- -----------

Values are presented as numbers (%).

###### 

Statistical associations between the respondents' demographic characteristics and their restorative decisions for approximal and occlusal lesions (Pearson\'s χ^2^ tests)

  Decisions for restorative treatments                               Demographic characteristics of the dentists   χ^2^                                      p value
  ------------------------------------------------------------------ --------------------------------------------- ----------------------------------------- -----------------------------------------
  Restorative threshold for approximal lesions before intervention   Experience                                    59.79                                     \<0.001[\*](#T2F1){ref-type="table-fn"}
  Gender                                                             9.62                                          0.022[\*](#T2F1){ref-type="table-fn"}     
  University                                                         3.62                                          0.728                                     
  Continuing education                                               12.31                                         0.006[\*](#T2F1){ref-type="table-fn"}     
                                                                                                                                                             
  Choice of restorative treatment for approximal lesions             Experience                                    20.56                                     0.008[\*](#T2F1){ref-type="table-fn"}
  Gender                                                             1.71                                          0.425                                     
  University                                                         21.99                                         0.001[\*](#T2F1){ref-type="table-fn"}     
  Continuing education                                               4.38                                          0.112                                     
                                                                                                                                                             
  Choice of restorative material for approximal lesions              Experience                                    44.19                                     \<0.001[\*](#T2F1){ref-type="table-fn"}
  Gender                                                             21.40                                         \<0.001[\*](#T2F1){ref-type="table-fn"}   
  University                                                         21.88                                         0.039[\*](#T2F1){ref-type="table-fn"}     
  Continuing education                                               9.91                                          0.042[\*](#T2F1){ref-type="table-fn"}     
                                                                                                                                                             
  Restorative threshold for occlusal lesions at intervention         Experience                                    24.99                                     \<0.001[\*](#T2F1){ref-type="table-fn"}
  Gender                                                             3.11                                          0.374                                     
  University                                                         17.98                                         \<0.001[\*](#T2F1){ref-type="table-fn"}   
  Continuing education                                               12.32                                         0.006[\*](#T2F1){ref-type="table-fn"}     
                                                                                                                                                             
  Choice of restorative material for occlusal lesions                Experience                                    38.77                                     \<0.001[\*](#T2F1){ref-type="table-fn"}
  University                                                         34.49                                         0.001[\*](#T2F1){ref-type="table-fn"}     
  Continuing education                                               5.75                                          0.219                                     

Significant association, p \<0.05.
